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/ B a rrr.B n\ TND OF. ™ 1NVF.NTION 

The present invention relates to providing optimized prieing for a 
subset of a plurality of products for a plurality of stores. 

I»businesses,pricesofvariousproductsmustbeset. Suchpricesmay 
be se, with the goal of maximizing profit or demand or for a variety of other 
objectives. Profit is the difference between total revenue and costs. Total 
25 sales revenue is a function of demand and pnee, where demand is a function 
of price. Demand may also depend on the day of the week, the time of the 
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year, the price of related products, the location of a store, and various other 
factors. As a result, the function for forecasting demand may be very 
complex. Costs may be fixed or variable and may be dependent on demand. 
As a result, the function for forecasting costs may be very complex. For a 
5 chain of stores with tens of thousands of different products, forecasting costs 
and determining a function for forecasting demand are difficult. The 
enormous amounts of data thatmust be processedfor such determinations are 
too cumbersome even when done by computer. 

5 It is desirable to provide an efficient process and methodology for 

l ,o determiningthepricesofindividua,productssuch,hatprofit(orwhatever 

|| alternative objective) is optimized. 

During optimization, it may be found that one of the plurality of rules 
is infeasible. Such a finding of infeasibility may stop the optimization 
i process. It would be desimbfe to provide a memod of handling optirnizafion 

when a rule is found to be infeasible. 

K is desirable to update prices as new information about the products 
and competitive environment is received. Examples of mis type of 
information would include product cost updates, product addition or 
discontinuance, and new competitive price or base price data. Ideally, when a 
user receives new information, they would run a secondary optirmzation over 
awholeproduct category. This would allow the optimization to fully capture 
all of the complementary and substitution effects in selecting the new se, of 

Atty. Dkt. No. DEM1P009 



a 
y 

N 
t 

C, 



optimal prices. However, if the cost of changing prices is not negligible, 
optimization and changing prices of all products in a whole prodnct category 
may not be desirable. 



ST 1MM ARY OF THF INVENTION 
To achieve the foregoing and other objects and in accordance with the 
purpose of the present invention, a method for computing a preferred set of 
prices for a subset of a plurality of products is provided. Generally, initial 
prices for aplurality of products are stored. A subset of products of the 
plurality of products is designated, where the number of products in the subset 
of products is less than the number of products in the plurality of products. 
Prices for the subset of products are optimized, while maintaining the initial 
prices of products of the plurality of products that are not in the subset of 
products. 

In another embodiment of the invention, an apparatus for computing a 
preferred set of prices for a subset of a plurality of products, comprising 
computer readable media, is provided. Generally, the computer readable 
media comprises computer readable code for storing initial prices for a 
plurality of products, computer readable code for designating a subset of 
3 products of the plurality of products, wherein the number of products in the 
subset of products is less than the number of products in the plurality of 
products, and computer readable code for optimizing prices for the subset of 
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product, while maintaining the initial prices of products of the plurality of 
products that are not in the subset of products. 

In another embodiment of the invention, a method for setting prices for 
a subset of products of a plurality of products is provided. Optimized prices 
for a product category are received. Every item in the product category is 
priced according to the received optimized prices. New data is then provided. 
New prices for the subset of products of the product category are then 
received, where the subset is smaller than the product category, and where the 
received new prices are generated by storing initial prices for a plurality of 
products, designating a subset of products of the plurality of products, and 
where the number of products in the subset of products is less than the number 
of products in the plurality of products, and optimizing prices for products in 
the subset of products, while freezing the initial prices of products of the 
plurality of products in the product category that are not in the subset of 
products. Prices for the subset of products are then set according to the 
received new prices. 

In another embodiment of the invention, computer data signal 
embodied in a carrier wave and representing sequences of instructions which 
when executed by a processor, causes the processor to compute a preferred set 
of prices for a subset of a plurality of products is provided. Initial prices for a 
plurality of products are stored. A subset of products of the plurality of 
products is designated, where the number of products in the subset of products 
is less than the number of products in the plurality of products. Prices for 
products in the subset of products are optimized, while maintaining the initial 
prices of products of the plurality of products that are not in the subset of 
products. 
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,„ another embodiment of the invention a price database is provtded. 
.nitial prices forapiurafity of products are stored. A subset of product of the 
p.nrXofproducts is designated, where the number of products m te subset 
of products is .ess than the number of products in the piurality of products. 
Joes for products in the subset of products are optimized, whiie mamtaunng 
th e initia! prices of products of thep.nraiity of products that are not m the 
subset of products. 

In mother embodiment of the invention, a method for obtaining 
optimizedprice data on a Cient system is provided. Saies data is sent to a 
ler system forapluraiity of products. Optimization preferences are 
selected. The optimization preferences are sent to the server system. 

JLrsystem. Additionai saies data is sent to the server system. A subset 
eonstraintisselected. The subset constraint is sent to the server system. 

Teived, Ire the number of products in the subset is iess than the number 

of the plurality of products. 

more detail below in the detailed description of the invention and in 
, 0 conjunction with the following figures. 

BRIEFDESCMFnONO^ 

ion is illustrated by way of example 
s of the accompanying drawings and in which like 



The present invention is illustrated by way ofexample, and notbyway 



of limitation, in the figures c 
reference numerals refer to similar elements and in which: 

5 
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FIG. 1 is a high level sehematie view of a priee optimizing system. 
FIG. 2 is high level flow chart of a priee optimization process. 
FIG. 3 is a more detailed schematic view of an econometric engine. 
FIG. 4 is a more detailed schematic view of an optimization engine and 
support tool. 

HG.Sisablock diagram to illustrate some of the transaction costs that 
occur in retail businesses of a chain of stores. 

FIG. 6 is a flow chart of a preferred embodiment of a rule relaxation 

process. 

FIG. 7 is an overall flow chart of a process that uses subset 
optimization. 

FIG. 8 is amore detailed flow chart of an embodiment of a step of 
optimizing product category within subset limits. 

FIG.-S 9A and 9B illustrate a computer system, which forms part of a 
network and is suitable for implementing embodiments of the present 
invention. 

FIG. 10 is a schematic illustration of an embodiment of the invention 
that functions over a network. 
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Xhepre se nt — ^nowbe^ed ind.aU with reference ■ 
5 ,„* t o^ea t « h— dingofthepresentinventio , ltw„ 

^ bB - ( — — ^otbeendescnbedindetailm 
| order to not unnecessarily obscore the present invention, 

l , 0 To^tedisonssio.FIG.Hsasehentatieviewofaptiee 

Q u-u ,v he used in rule relaxation and subset 

« optimizing system 100, which may be used 

C engin el0 4 ,a fin ane^ode 1 en g me 1 OS,an 0 pumi Z ationen gl neia a nda 
1 supP orttoo,l,6.Tbeeeonome,ricen g ine,0.isconneeted,ome 
15 optimization engine 11A so 

. The financial model engine 108 is 

a „inputottheoptimizationeug,nell2.Ther.n 

1 1 2 so that the output of the financial 
connected to the optimizauon engme 1 12, so 
m odele„gincl08isaninpntoftheoptimizati„nenginel,2.The 

. , nEiM „2isconnectedtothesuppor..oo.l,6so,hatoutputof 
optimization engme 1 1/ ilU , 

oiftomthesnppo^inemaybeprovidedasinpnttotheop— 
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engine 112. The econometric engine 104 may also exchange data with the 
financial model engine 108. 

facilitate undemanding, FIG. 7 is an overal/w chart of a process 
. U ses subset optimization 700. First, a produc/tegory is optimized (step 

• a WH a * a set of jffoducts that are substitutes or 
701) A demand group is defined as a set o^prou 

near substitutes for each other. A produ/an belong to o„,y one demand 
group. A product category consists/one or more demand groups. FIG. 
am ore detailed flow char, of a/fcrrcd embodiment of a process that utilizes 
reprice optimizing sys,en/o to optimize prices for a product category (step 
701) Data 120 is prov/d from the store computer systems 124 to the 
eeonometrice„gine/4(ste P 204).Genera,,y,,heda,a.20provided.othe 

econometric en/ 104 may be point-of-sale information, product 
i„formation,/store information. The econometric engine ,04 processes the 
data 120 t/rovide demand coefficients ,28 (step 208) for a set of algebratc 
ecuatio/that may be nsed to estimate demand (volume sold) given certain 
L e conditions (i.e. a particular store in the chain), including a price 
The demand coefficients 128 are provided to the optimization engine 
L Additiona, processed data from the econometric engine 104 may also be 
3 1| 1 1 i i r^^ f>n l f T a£i- L2a ' 

The financial model engine 108 may receive dam 132 from the store 
eompnter systems ,24 (step 2,6) and processed data from the econometric 
engine 104. The data 132 received from the stores is generally cos, related 
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• in«mav process the data to provide a 
. ta The financial model engine 108 may proc 

IT— — — ^ ~ 

. en2ine , , 2 utilizes the demand coefficients 128 to 

• t" — 

. Q to the optimization engine 1 12 (step ^ ) 

— — Trr-ii ■ — — -"- 

6,181 ^^totalcostofallptoduc^being 
between the total sales revenue and the to 

measured. 

Ifarul e P — a P — nofoneofitheptoductsh.s^a 
d edtheoptimizationeu g inenaayprovideasetof 
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plunder tha, condition. The ru.es normafiy incfude an objective, such as 
optimizing pro6 to r optimizing vo^eotsaiesofaproduct and consents 
such as a limit in the variation of prices 

When prof., is maximized, it may be maximized for a sum of all 
m easured products. Such a maximization, may no, maximize profit for each 
^vidualproduct.butmayinsteadhaveanultimateobjectiveofmax.miztng 

total profit. 

eoptima, (preferred) set ofpri^smay^ntfiom the optimization 
gin e ,12 to the support tool 1,6 sothatth^es ,24 may use the user 
int erfaceofthe support too. 1 16 to^nf*e optimal set ofpnce, Other 
me thods may be used toprj^e optima, setofpriccs to the stores ,24. 
T.epriceofthepr^n the stores,24is set to the optima, setofpnces 

Each componentofthe price optimizing system 100 wili be discussed 
separately in more detail below. 

FIG. 3 is a more detailed view of the econometric engine 104. The 
ecouometricengine comprises an imputed variable generator 304 anda 
eoefficientestimator 30, The data ,20 from the stores ,24 is provided to the 
impu ,ed variable generator 304. The data,20may be raw data generated 
from cash register data, which may be generated by — used a, the cash 

registers. 



The raw data may be processed to create imputed variabies. The 
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^variables may be used to estate parameters for a demand equation 
D(x) , which may be uaerito estimate the amount of sales using variab.es sueh 



as price. 



In a preferred embodiment of the invention, sa.es for a demand group 
(S)is calculated andamarket share (F) for a par.ieu.ar product is ea.eu.ated, 
so th a,demand(D)foraparticu,ar product is estimated b y D^S-F. A demand 
8TO up is defined as a collection of highly subsfitutab.e products. More 
preferably the creation of the demand model relies on a mixed-model 
ftameworMimultaneouslyufilizinginformafion across allstores and products 

m aclientca,egory,whereaca,egory is defined as a collection of substitutable 
or complementary products. The mixedmode, methodology is also referred to 

^Bayesian Shrinkage" Modeling, because by combining datafrom various 
sto res and/or products, one can "shrink" individual parameter estimates 
t0W ards the average estimate, dampening the extreme values that would result 
; if traditional regression were used. 

ta developing product-level volume models for each store within a 
ch ai„, one may be presented with a wide range of historical data intermsof 

quit e rich, with many price changes andavarietyofpromotionpa.tems.For 
20 others,oresand/orproducts,thehist„rywillbea.ui.esparse,withveryfew 
pri ce changes and little promotional activity. To maximize the stability of 
estimated mode, parameters, one might consider developing a single 
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.egression m ode, aeross stores and/or products. This mode, might have stab.e 
parameter estimates; however, it would not fu„y leverage the store and/or 
product variability, and the resulting mode, would likely no. predict well for a 
particular store and/or product. On the other hand, one might consider 
developing individual regression models for each store and/or product, to 
utilize the specific information contained in the data history. While these 
models might fit and predict well for the stores and/or products with 
substantial price variabilhy, models would not be estimable for stores and/or 
products without a rich data history. 

A mixed-model framework addresses the need for both highly 
predictive models and the existence of an estimable model for each store and 
product, Inamixed-effec, model, information (in the form of data history) is 
averaged across all stores and products, and a single cohesive mode, is built. 
Stores and products with little or no information in their data history default to 
5 an "average- (fixed-effect) mode,. Likewise, stores and produets with a wealth 
of information in their data history will end up with unique parameter 
estimates tailored to their response pattern, via estimation of non-zero store 
an <Vor product-specific adjustment factors (random effects) whieh are added 
to the fixed-effect portion of the model. 

The financial model engine 108 receives data 132 from the stores ,24 
and may receive imputed variab.es and data from the econometric engine ,04 
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u „din g ,FIG.5 i sa W oc k dia gram to iUusttate some of the paction 
costs that occur in retail businesses of a chain of stores. The chain of stores 
ma y have a headquarters 504, distribution centers 508, and stores 512. The 
headquarters 504 may place an order 5,6 to a manufacturer 520 for goods 
supphedbv the manufacturer 520, which generates an order placement cost. 
The manufacturer 520 may ship the goods to one of the distribution centers 

r eceivi„ g cost524,acos,forstoc k in g the g oods 528,andacostforshi P pin g 
theg oods 532 to „neof,hes,ores5,2. The store 5,2 receives the goods from 
oneofthe distribution centers 508 or from the manufacturer 520, which 
g e„era,esareeeivin g cost536andac„stf„rstoe k in g the g oods540.Wbena 

corner purchases the item, the stores 512 incur a checK-out cos, 544. W.th 
th e, arg enumberofretai,ehains, different purchasin. and delivery processes 

may be used. Even within a single chain, different manufacturers may 
; provi dedifferen,inv„ieinga„dde,iveryproeedu r esandeostin g sys,em,wh I ch 

may be different than the processes illustrated in FIG. 5. 

cost mode, for these different procedures. These different costs may have 
varia b,ecost components where the cost of an item is a taction of the amount 
20 cfsalesofthertemandftxedcostcomponentswheretheeostofanitemisnot 
aftl „c,ion ofthe amount of salesofthe item. The financial mode, en g ine,08 

may use these fixed and variable costs to determine C s ,u„ where C,,,,,, is a 
cost for a particular product (*) g ive„ a store W , demand group (,), and a day 
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{t , Th e M ^e, en g ine ,08 W use Undustrv data to provide standard 

estimat es hel p Stored ucet h ea m ou„ t of dat ama tm us tb econec ted . I na 
prefetred e— tofthe— ,tbestores m a y on ly needtosupp ly 
labor costs of the sto.es ana distribution centers, cost of capita,, size of an 
item and nu mb erofitetnsinacasetoa„owacost m odeHn, B y usin g tbese 

b e ing avera g e d overa„oft h es,ores. Tfiis .because lfl ar g e arnountso fata 
W e rem easure d b y ban d , m e,urin g sucbdataforeaebstore W ou, d be dl f fi eu, 

X.et—ofeostsperstoreai^stbem— ion of profits for eacfi 



store. 



F1 G4isa m0 re d etai,e d sebe m atieviewoftbeop«i r ni Z ationen gl ne 
, 12a » d tbesu P por,too,„,Tbeopti m i Z a«ionen g inc„2eo m prisesam,e 
„ -« TbesupporttoCUbcontprisesatuie 

editor 412 and an output display 416. 

In operation, tbe Cent (stores ,24) ma y access tbe ru.e editor 4,2 of 
fcesupporttoo, „6 and provides ebent defined ru.e parameters (step 228,. If 
adi ent does not set a pa.meter for a particn,ar ru,e, a defauit va.ue is used 

^tedpriceadvaneeordecUue.br.ndin.pfieerufes.si.epficinerufe^t 
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discussed in more detail regarding a preferred embodiment of the invention. 
The client defined parameters for these rules are provided to the rule tool 404 
of the optimization engine 1 12 from the rule editor 412 of the support tool 
116. Within the rule tool 404, there may be other rules, which are not client 
5 defined, such as a group sales equation rule. The rule parameters are 

outputted from the rule tool 404 to the price calculator 408. The demand 
coefficients 128 and cost data 136 are also inputted into the price calculator 
408. The client may also provide to the price calculator 408 through the 
H supp ort tool 116 a desired optimization scenario rules. Some examples of 

| 10 scenarios may be to optimize prices to provide the optimum profit, set one 
| promotional price and the optimization of all remaining prices to optimize 

1 profit, or optimized prices to provide a specified volume of sales for a 

M designated product and to optimize price. The price calculator 408 then 

| calculates optimized prices. The price calculator 408 outputs the optimized 

g 15 prices to the output display 416 of the support tool 116, which allows the 
stores 124 to receive the optimized pricing (step 232). 

The system can optimize for profit, revenue, and sales. For each type 
of objective, users can impose constraints on the values of the other two. For 
instance a user can optimize profit while ensuring that total sales and revenue 
20 do not fall below their original values, or he/she can optimize sales while 
requiring profit to increase by 1%. 
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A preferred embodiment of the optimization engine uses the group 
sales equation S(x) and the market share equation F(x), previously described, 
to predict group sales and product market share, respectively. These two are 
then combined to predict product sales at the store level D(x)=S(x)-F(x). 

If the objective is to maximize profit then the following equation sum 
is maximized: 



ieG keDem, 



-C,.a,) 



The above mentioned rules may be constraints forming boundaries. 
These constraints are rules that provide limitations to price or other changes. 
In a preferred embodiment such constraints may be used as follows: 

1. Group price advance or decline. 

Since demand groups are made up of like or substitutable products, 
m anagers often wish to constrain the overall weighted price advance or 
decline in price for mem, where the weights are the market shares of the 
products that constitute the demand groups. The constraints are: 

Vs,i,PMIN,,,^K J , P .M^ PMAX ^ 
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2. Brand Pricing Rules: 

Products are described and categorized by attributes such as brand, size 
and flavor. Therefore, each product may be associated with a set of attributes 
and values. These attributes are useful to us for several reasons. The attributes 
may be used in the regression modeling in order to create a parsimonious set 
of regression coefficients. They may also be used in setting rules. For instance, 
category managers might wish to offer store brands at lower prices compared 
to the competing national brands. They might also wish to constrain some 
product brands to be less expensive than others, either for strategic 
considerations or to meet their contractual obligations. Specifically, a manager 
cancreateaset Brandy ^ {(p s>Ui ,P s>i ,J: P„* must cost less than p M , J,, 
which leads to the following constraints: 

Vs, i and {p sJA , />,,;,*, ) G Brand ^ P*j* ~ P*JK 
3. Size Pricing Rules: 

Managers might also wish to create rules that relate the price of one 
product versus another based on their sizes. For instance, they might wish for 
products belonging to the same brand and sharing other attributes, but with 
different sizes to be priced such that the larger sized product costs less per 
equivalent unit of measure than a smaller one. Then 
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which leads to the following constraints: 

V S ,iand(p^,,P,aJ 6Size - P.* **"* 
4. Unit Pricing Rules: 

Continue inthesame vein, managed wish to ensnre that two 
^^a.ide.UoaUneve^spe.bu.izeshou.d.ep.ceasue^, 
thelarg e I p r od U c t oo St s m o r e th a nt hes-e r o„e.™s r u 1 eisc 1 ose lyr e 1 a t e d 
to *e^p ri c ing rule.To im pU m »t to * I »ana g e IS ca„c r ea t eas e « 

„ Ve P must cost less than e. ^P,,,,,}. where "••<■< 
Unit, | s tp.j.i, .P,.(.k, )• e >.i*,'''..,i, 

, isthem ul^ 

units. This leads to the following constraints: 

V.V and (p.,,,, , P,,,> ™.J e ^ ^ ' P * ' k > 
5. Line Pricing Rules: 

Retail customers expeet common prices for certain groups of prodocts 
15 sucha s,fore X ample,cou 8 hlozen g eso f thesame b ra,dh U tdi ff erent fl avo r s. 
These rules may be classified as line pricing rules and implement them as 

follows. Product groups called line price groups may be defined as 
LJ . ...I,, , where every product within a line group must have the same 
price in a store; i.e., 
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6. Cluster pricing: 

, • , may be defined. TOs variable 

ee^onpriceforproductkme^rC^ 

. Wp p whenever s e Cluster, . 

. a An example of such additional rules 
Other rules may also be used. An exampi 

• a store volume rule, or a 
may be, but is not limited to, a gross marg.n rule, a stor 

15 competition rule. 

Agross mar g inm,eprovidesa — on tbe cban g e o f a ma* up. 

■ ♦ thf chanee of the mark up ot 
• i ™*vnrovide a constraint on the cnangc u 
A gross margin rule may proviae 

eaeblndWidnalltemina^Poronmeavemgem^npo^egmupor 
bo t, A ne X amp,eo f agros S margi nro ,ema y betbatt h epercentagee tan geo f 

20 th eaveragegrossmarginofa g roupisnottoexceed 5 %. 

19 
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A volume rule provides a constraint on the change or the volume of 
sales. The volume rule may provide a constraint on the change of volume of 
sales for each individual store or on the change of total volume of sales for a 
plurality of stores for an individual product or for a plurality of products. An 
example of a volume rule may be that for each store, the change of demand for 
a product is not to exceed 7%. 

A competition rule provides a constraint on the difference between a 
competing store's prices and their prices. A competition rule may allow 
constraints for one or more competitors. An example of a multiple 
competition rule is that the price of each item must not exceed the price for the 
same item sold by competitor store X by more than 10% of the price and must 
not exceed the price of the same item sold by competitor store Y by more than 
9% of the price. To implement these constraints a store may use monitors to 
check prices of items in competitor store X and competitor store Y. 

The objective (such as profit) is then maximized. Such an objective 
would provide a maximized profit given the demand data and the constraints. 



RULE RELAXATION 



Given the objective and the plurality of constraints the solution may be 
infeasible due to a conflict between the objective and the plurality of 
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constraints. The objective may be expressed as an equation. Each constrain, 
ma y also be expressed as an equation. A feasibie soiution may not exist that 
satisfies.au equations representing the objective and the constraints. A 
preferred embodiment of the invention uses a ru.e relaxation proeess to 
pro vide a feasible solution when a feasible so,ution does no, exit which 
satisfies all constraints and objectives. 

During art optimization, it may be found that a rule is infeasible. A 
rule is determined to be infeasible, if either it cannot be satisfied when all 
other rules are satisfied or if an optimization cannot be performed without 
violating the ru,e. Although, one methodof dealing with an infeasible rule, 
to d rop the ru,e found to be infeasible, the preferred embodiment of the 
optimization step uses the rule relaxation process described below: 

6 is a flow chart of a preferred embodimenj/ne rule relaxation 
The rules are prioritized (step 604). A de^T prioritization may be 
provided, with an interface, which may allow/ser to change the 
prioritization from the default. Achec^iade to see ifarule is infeasib.e 
(ste p 60S). A rule is deemed to be/asib.e if the relationship expressed by 
the rule is not able to be sati^For instance a rule X + Y, 10, is violated for 
wh enX 1 s7andYis7s/thenX + Y=.4which 1 s greater thenl0.,fno rule 

h found to be infea^C *e rule relation process is stopped (step 628). If at 
.east one rule iXrd to be infeasible, the .owes, priority infeasible (LP1) rule 
is found (^612). A determination is made whether rules with lower 
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priorities than the priority of the LPI rule may be relaxed to allow the LPIrul^ 
,o become feasible (step 616). In the preferred embodiment the lower^rity 
rules are checked before higher priority rules. If it is found thatru^with 
,ower priorities than that priority of the LPI rule may be relaj/o a point that 
« allows the LPI rule to become feasible, then these ruley& lower priorities 
f) JfL relaxed incrementally so that the LPI rule becom^feasible (step 620). In 
L / thepreferredembodimenUowerprioritymlesar/elaxedbeforehigher 
(/ priority rules. If it is found that rules with lo/r priorities than the priority of 
the LPI rule cannot be relaxed to allow tXl rule to become feasible, then 
10 the LPI rule is relaxed until it become/asible (step 624). The rules are then 
checked to see if t here are any ref ining rules that are infeasible (step 608). 
piece, 1- conSmSd untlM idles ale LxulMe. 



To provide an example of rule relaxation, six categories of rules are 
15 provided. According to the method illustrated in the flow chart of FIG. 6, the 
categories of rules are prioritized (step 604) in the following order, with a 
ranking of 1 designating the category of rules with the highest priority and 6 
designating the category of rules with the lowest priority. 

1 . Group price advance or decline rules. The user sets a 
20 maximum weighted group price advance or decline to 10%. 
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2. Size pricing rules. The user goes with .he default that larger 
items cost less per equivalent unit than smaller identical items. 

3. Brand pricing rules. For soft drinks, the user designates that 
the price of Brand A is never less than the price of Brand B. For juices the 

, user designates that Brand C is always greater than Brand D. 

4. Unitpricingru.es. The user goes with the default that the 
overall price of larger items is greater than the overall price of smaller 

H identical items. 

C3 

| 5 . Competitionru.es. The user designates that aft prices must be 
« 10 .Ueastlor.lessdramthepricesofthesameitemsso.dhycompetitorXand 

W are within 2% of the prices of the same items so.d by competitor Y. 

H 6 . Lin e price rules. The user designates that different flavors of 

§ the same item are priced the same. 

In this exampte, Brand A is sold by competitor Y for $8, while Brand 
15 Biss o,dbycompetitorYforS10.Inadditi„ncompe,itorYse.lsoneflavorof 

item C for $9 and another flavor of the same item C for $10. 



A determination is 



made if a rule is infeasible (step 608). It is found 



that one of the price branding rules is infeasible, since Brand A is supposed to 
al wayshaveaprice greater than the price of Brand B and ye, competitor Y 
sells Brand A for $8 and Brand B for S10, and since the competition ru.es 
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„« t hesa m e temSm us tb e Wi *in 2 %o f t h epnceso f co m pe titor Y. 
InaddM o n ,iUs f o U nd t ha t o„eo fth eU„epnce ra ,e sisi n f eas M ,™s i s 

th e S a m e,ou,co m pe« it o r Y i ssen mg o„e fl avo rf o t S9a Ild ano tefl avo rf o r 



$10. 



Since thebrandingndes have apriority of 3 and Are Hnepriceru.es 
tav eapriorit y of6, i tisfoa„d,henneprice r u 1 esa r et h e 1 o W est priority 
infe as i b 1 e(LP 1 ,ta 1 es(step6 12 ,Ac h ec ki s ro adetosee i f tUl es Wi t h a 
priorit y 1 owe r .ban« m aybe r e ta edsot h a„be„neprice lul esbeco m e 
feasM e ( step. 6 ,S to cetbeUnepriee IUl esa I etbe 1 o W estpriorityn ll es,no 
^wHba^prioritytnaybe.e.axedsodtattbebnepricendebeco.nes 

flavors to have different prices by abont 10% (step 624). 

, infe asib,e. flisfoundthatoneofthepricehr^rOesisinfeasibicsince 
BrandA.supposedtoa.wayshaveaprice.eaterthanthepriceofBrandB 
andy etco m petitorVseflsBra„d A forSSandBrandBforS 1 0,andsincethe 
^petirionrn.esdesi^dtatfl.esanreiternsntustbe^^ofnae 
^esofcomperitorV.Sineethepricebrandin^lesaretheoniyrniesfonnd 

^apriority of 3 (step 6,2). A checks made to see if mies with priorities 
iowerthantheLPmdesmaybereiaxedtoanowdtemtobefeasibMstep 
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6X6). Preferably, the tower priority rules are eheeked first. So first the line 
price rules with a priority of 6 are eheeked to see if they may be relaxed to 
allow the branding price rules to be feasib.e. If not, then the next lowest 
priority rules, the competition rules are checked to see if they may be relaxed 
s to allow the branding rules to be feasible. In this example, it is found by 
re ,axing a competition rule with a priority of 5 the price branding rule 
becomes feasible. Therefore the competition rule is relaxed so that prices are 
within about 20% of the prices of competitor Y, which allows Brand A and 
* Brand B to have the same price (step 620). 

1 |0 Theprocessagainretums,ostep608«oseeifanyru.esarestill 
| infeasible. It is found that all rules are now feasible, and the rule relaxation 

process is stopped (step 628). 

In the preferred implementations, the specific infeasible solution at 
which the optimization process stops will depend on the optimization 
15 algorithm and the initial starting point. This means mat specific rules that are 
re ,axed in order to get to feasibility depend on both the optimization algorithm 
and the starting values These examples are merely illustrative and are not 
me an, to limit the scope of the invention. In addition, rule priority was 
assigned by rule category. In other embodiments the rule priority may be 
20 assigned to individual rules instead of to rule categories. 
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Other specific methods of rule relaxation may be used. In genera!, rule 
taxation methods provide for the prioritization of rules and cause lower 
priority rules to be re.axed before re.axing higher priority ru.es in order to 
mak e al! resulting rules feasible. Another specific embodiment of .bis genera. 
„,e relation method may allow different combinations of .ower priority 
m ,es to be relaxed. These lower priority ru.es may be relaxed at the same rate 

or a, different rates until ore higher priority rule becomes feasible. Different 
combinations of the relaxation of .ower priority rules may be specified in 
different embodiments. 

Once the optimization (step 701) is completed, the prices of the 

products are sent to the stores. The pricesofthe products are then set to the 

optimized prices that are provided by the optimization. 

SUBSET OPTIMIZATION 

After an optimization, such as the optimization described above has 
5 b een performed, new data may then be provided to the system (step 703). 
Such datamay be provided through the Econometric Engine 104 (FIG. 1) or 
the Financial Mode. Engine ,08, or through another source. If the entire 
product category was optimized usingthe new data, it is possib,ethat a., items 

inth eproduc,cate g orywou.dcha„gebecauseof,henewdata. Toavoidan 
20 opfimiz.fionfitatmay^arepricinBofal.productsinmeproductcategory 
(sta cethecostofrepricingisno,ne g ,i g ib,e),theuserisa..owed,ospec 1 fy 
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— — — 

— proflt ' iusdesir :i 

• , * : In T 

A restatement of the process in FIG. 7, 
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of the products considered in the product category. All of the input data used 
in the initial optimization of the product category and Jw c , the set of 
optimal prices derived from that data, may be used to provide initial 
conditions and parameters for the subset optimization. 
5 Changes to the state of information that the user wishes to incorporate 

into the new optimization are also provided (step 703). For changes in costs, 
base price, or competitive prices, the change in the data from the original 
scenario measured as a percentage of base price is used. For discontinued or 
g new products, the input data required to construct their demand functions and 

l 10 constraints as they would have been defined in the original optimization, as 
0 well as an initial starting base price, are used. 

W The subset limits, such as the maximum number of products that the 

j* user wishes to allow in the subset optimization, are specified (step 705). One 

| possible assumption for an algorithm may be that the maximum number is at 

l is least as large as the number of products with information changes. A new 
optimization is then performed within the subset limits (step 707). 

FIG. 8 is a more detailed flow chart of an embodiment of the step of 
optimizing product category within subset limits (step 707). A first step 
constructs a set of products that will be considered as candidates for the subset 
20 to be optimized (step 801). A second step chooses which of the candidates will 
be members of the subset (step 803), for example, by solving a mixed integer 
problem. A third step finds the new optimal prices for the products in the 
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subset while holding the prices of the other goods at their prior optimal level 
(step 805). 

Construction of the Set of Candidates for Subset Optimization 

The purpose of this step is to define a set of products, C, which will be 
candidates for subset optimization (step 805). In defining this set, priority is 
given to two distinct types of products: those products that have had changes 
in their state of information, and those products that have constraints that 
would allow their price to move if they are selected to be members of C. 

Products with changes in state information are automatically included 
in C and in the subset of products to be optimized. The second group of 
products is chosen based on characteristics of their constraints and the 
direction of the gradient of the price variables with respect to the objective 
function at the incumbent optimal price. It is desirable to only choose 
products whose prices will actually be able to move in the subset optimization. 
If a product's price is at a bound in the original scenario and the gradient of 
the price variable indicates that the price will continue in the direction of the 
bound if the bound is relaxed, then the price will not move in the subset 
optimization since it will still hit that bound. If, however, the product's price 
was initially not at a bound or if it is at a bound but the gradient indicates that 
the price would move away from the bound if it were relaxed, then it would be 
expected that this price would change, if it is included in the subset 
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^^^^^^^^^^ 
topr ev i ouso ptim a 1 pnce,as im p 1 e m o d ens— e dtat eva,ua t es te 

obje ctive function, and sintp.e bounds ho.din g prices 

*\ m *\ values For a profit-maximizing 
neighborhood of their previous optimal values. 

problem, the model might be formulated as: 

Max S 2 D s>i) M( P s,i.k,t- C s.i^t) 



P ieGkeDem 

0 

3 



1 + * v " a 

a 

W where 8 is a small number. 

% , and 4 a r ede fi nedas t ne m a Igi na,va 1 ueson t heuppe r andlow CT 

8 15 b eu,edasa m ea S u re o f .eprice gI ad 1 en t a Sth eprice m ovesa W a yft o mth e 
incumb en t o Pt -pnce.T h e y ,,nconce r ,w lt K— 1 on about which 
.oundswceacrive^eori^p^wiUde— which products are 
aUowed ,o have price chan g es in the suhset optimization. 

20 pric esdurin g thesnh S etop— . T o .is end, aU o f the constants in the 
^.nodeiateevaiuatedandthteeopetahons.epe.onned. 
^^edtoseeifuaat — wa s t ig ht fot the o^ price in the 
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0ligi „al scenario. Essential*, this Just means 4a, those store-product 
combinations wh ete the right and ien-hand sides of the eonsttaint e q na,io„s 

are the same ate found. Pot example, suppose that there is an upper boundon 

optimal price: 

P c . k <PMAX CJ , k ,VUk 

For this rule, all of the store-product combinations where 

would be found. 

Rul e relaxation, discussed above, may have been utilized in the 
original optimization. As discussed above, rule relaxation allows the 
optimization to au.omaticaUv relax consirain. subieet to a hierarchy defined 
byfll euse, Since tbe subset optimization is based on the original eonstramts 
ortheimtialscenario.it is possible to have optimal prices from the iniha, 
5 .oenariothatareinfeasibiewithrespecttosomeoftheoriginalconstramts 
„ those constraints were relaxed inthe first scenario optimization. The 
second operation relaxes thebound on any store-product combinations for 
which the incoming optimal price is infeasible. Thus, for an upperpr.ee 

bound, we would set PMAX CJ ,„ equal to P,„. 

Thethirdprocedurechangcstheinitiaiboundsonthoseprodue.swh.ch 

h avebadcost,baseprice or competitive price changes. !f the cost,base price, 
or competitive price has increased, itis desirable to increase the upper bound 
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^sso^U.eop^p.ce,— to move. Tbe upper pnce 
bound, for example, would become 

P cik <PMAX c ;, k (l + ^)' Vi ' fe 

w bere^sP— 

^^^^^^^ 

lower price bound would be 

Pcik >Max(PMAX c „ k ) Vi ' fc 

w here X^-^^^^^"^ 1 * ^ ^ 

has declined, then tbelowerpriceboundwouldbecome 

p cik >pMm CJ , cw c ,*)> Vi ' fc 

and the upper bound becomes 

P ;> Min(PMlN c , k (1 + X Cit ),Pc»**r. ) V '' fc 

15 For constraints onthe average price of a demand group, the bound is changed 
^enw.ets^we^daverasec^ein.ecustorpricereiauveto 

initial base price. 

T.eset of candidates for subset optimisation, C, may nowbe 

constructed as follows: 

2. If 4>0or^<0,thenfe^C 
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3 „ constraint is an active upper bound on price and K> «. 
4 .rons:ltisanactive,o W er b oundonpr,ceand4<0, 
, Co^haschangeinthestateofinfor.nation.then *.C 

S e 1 ec t iono f .heSe,o f Pr.d„c,s f o r Su DS e,Op«n- ta a, i o„ 

^e^tbeNproductstitat^conrprisethesetofproduc^, 

mix ed,nte g erpro H e ra issoWed. A «nar y ,ar I a W e,,iserea t edt ta t 
^o^ve^onis^suntof^.na.v—wetshtedo^e 

isttetth enu mb ero f produc te c h ose nmU st b e,e S5 dtanM h eu S er-de E ned 
can be written as 



20 subject to 
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Op,i mte ePrice S .ver,heProd«c«Su bS e«R 

Hem is solved with a compete optimization, sueh as the 

— .s^.e.^co^.eop,— mod.,0 
e.ampK^e objective may be to maxim- P«>fi«- 



jeGkeDem, 



prices. 



15 



the objective becomes: 



• • • V V D - v(P s ik _C s,i,k)' 

Maximize. L £ u ». kV s -'' k 

^tbesobsetop—iscompietedaadptices.eopttm.e 

^.e.bsetCs.epSO.a^esobsetopt^datapae^eisp^. 
.esto.es.Xbep.es^bep-tsia.besabset.biebisasm^set 



34 

Atty.Dkt.No.DEMlP009 



prices. 



, the prices provided by the previous subset optimizabon. 

P llu-eco— — * 

l^^bus.e^esviaeon^.Xbese^uaeU^cu 

pricing rules, as discussed above. 

^dc^boar.audasruaiibaudbciddeviceup.oab.esuper 
^^adrs.drWe.S.a^oard.Caudaruous^.O. 

system 900. 
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i of a Mock diagram for computer system 900. 
FIG 9B is an example of a blocK magra 

, tt ,, 920 are a wide variety of subsystems. Processor(s) 
Attached to system bus 920 are a wio 

«,1 nrocessing units, or CPUs) are coupled to 
922 (also referred to as central processing 

an a Memory 924 includes random access 
storag e devices, including memory 924. Memory 9 

5 „ (RA M)a n drea,on,ymemory (R OM, 

mann e, Botboftbesetypesofmcmorrcsmaymcludeanysuitableoftbc 

! 

1 tek9M maybeusedtostorepro g rams,data,andt h e,i te andi S typ 1 c a l,ya 

H m emorymmemory924. 

computer-readable media described below. 

CPU 922 is also coupled to a variety of input/output devices, such as 
d i sp ,ay904, k eyboard910,mou S c912andspea k ers930.Ingenera,,an 
20 ^outputdevicemaybeanyo.videodisp.ys.ttac.balls.mice, 

ma g„e,icor paper tapereaders,tab,e,s,sty,uses, voice orhandwriting 
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^mw—— «— ed,taUheC 

^eceWei— ion 

«f the present invention, or they may be of the 
constructed for the purposes of the present 
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co mputer using — Computer reaoaolemediamay also be 
compter cotiet— d byacompu,e r tiata slgnaUmbo^ in a carrier 

processor. 

that functions over a computer network 800. The network 800 may be 
.eanetwork^oraw.aeareanetworkWAne.amp.eo^^. 

apnva tene,workuse d b y am id -s i zeticompan y w i thabu Mi n g comp,ex. 

p^eW^^ethosensetib.mu.ti-nationaUorporationsforthe.r 
^emaUnformationsvstemneetis. The network 800 may also be a 

, m 1 HO is connected to the network 800. 
embotiimen, the price optimrzmg system 100 ,s conn 

,H bv the stores 124 are also eonnecteti to the network 
l5 Computer systems used by the stores 

800 T hc computer systems forthestoresl.arcable.obi-tilrectionany 
communicate withthe price opting system 100 over the network 800. 

WhUethisinventionhas been described In terms of several preferred 

20 talents, which fall whbm the scope of this mvention. It should also be 
noted that there aremany—vcwaysofrmplcmentingthemethods.d 

• tion Tt is therefore intended that the following 
apparatuses of the present invention. It is thereto 
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appended claims be interpreted as inclnding all sneh alterations, modifieations, 
permutations, and substitute equivalents as fall within the true spirit and scope 
of the present invention. 
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